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(57)Abstract: 

PROBLEM TO BE SOLVED: To make smooth the 
interface of a Co silicide film, by providing a Ga injection 
layer having an impurity concn. peak at a shallower 
position than the interface between a CoSi2 layer and 
constituent Si of a semiconductor substrate, and forming 
impurity regions in lower portions of the Ge layer. 
SOLUTION: A Ge injection layer 4 formed on the 
cleaned surface of a semiconductor substrate 1 has a 
peak at a deeper position than that of an initial Co 
silicide layer formed later, and is adjusted so that the 
peak locates approximately on or above the interface 
between a finally formed Co silicide layer 5 and 
constituent Si of the substrate 1. A Co film 6 is formed 
and reacted with the Si of the substrate 1 at impurity 
regions to form a first Co silicide film 5a, which is then 
heat treated to finally obtain a second CoSi2 film 5a. 
Thus, this film 5a is made smooth on the semiconductor 
substrate 1 surface. 
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?jg. Lice o s i 2mt±^mitmm^m^-t^ s i 

«N£ t - ? * ii'i'K) G c r£AW x hid G e ffi A B CO "FSB 
ii^^iL^^^^i*^^^, _h.sECoS i 2<S <tr.ii 
KG e aA»^&-r^ffiirt¥-»-C#5*5 , iSCoS i 
2 Jgr;t±sd^#f*X« > ±§d^»^f i$ £ p Nfi£#Ei 
/j^gfPfc L -C l > 6 r_ <t £4#fS £ 

ti/iG e PI, hmZG e flgXiiffiS **Va: C o S i zflU* 
a^, ItdCoS i 2fl*(±±te¥ i *f4*iS« < b±HC^if:'E^ 
fi8*3c t oo p n i$ ft [ffi a * G gtpg L X M £ ~ t & h -t S 

f¥i«8, ..hsd'/- h«t;v-x/ KM >figj$i*|co3t 
iSi(^^Mc^n/^C o S i 2 J8L XfdC o S i 2JB>±SE^ 20 

^i^feEKG e **fc#jjft/S: e-H'fit^G e fiAH 
£"afrN4 0S h7>"/x^^, ^<M)l^Co 
S i 2«(i±*d^«f4s*tk> hffiy— KM VfiBtK 
t <» P N f£ ft r£ ;6 - ^ flfffi LTi^: > «r 1#f& "-J- 5 

Xad^-v */^J*£t£/vT^Ji£3 titz y — X/ KK> 

si*s, ±gdy— i*«ts&r>*y — x/ k>^ ^ffiSLtcifS 30 

l^^-L/:(i eB£\ HHGG eflg±icffl«5rifcC o S i 2 
W<t PVIMO S h 7 > > x y ±sdC oSiz BS 

> ±i'dG e )]£ t ( ttg L T is *) . XadG o S i 2 B*:fi_h8E 
^WfaStS t ±Sd y — x / K Y vffiJSE > ^ P Nfg-fr K 

i ^ffl^Ei-: t - ? i"£ G e ?.tAJS4rJKrici-^X 
fJL Xad^ftSl&Xir.C o R^P/t^^1¥ * lwffi«^r 5 40 

^±tdG e riAM^t -^{wiE^X</)^^ .t "0 5*^35 
-(/)rj/</i/k>yt^ KB»^rff?h3ti-^X*i, J:32Coi 

f*JK1fe^:t#)*-r^ S i tlnli:SL<l1:S£i^«l^ X'id 50 



G e &A«tf>Jh3Etf— ^//fi^L, irdllW^/^ h 
G eMISrm-t-SXS, '>/^< <t t>X3£G e^X^Fjflt 

cogM/?(7)S i flSSrtt«^-^x.^, XfEs i m±izffife<n 
ISSWC oBSS:ffl/i-r6Xli % m' -^^Tf^^^t^ 
*&i®*^T^ LfdG oBftfcXKS i BS^/xJl^-tlrXBES i 

l*KS:MtSIg N XffiC ^XS'd^-o 
^^/H-> 'J -f KJW^f* , *SJC i * ^ ^ ia ti C 

i\ ±fd^-^)^/^H->y -^-Y KB5*iHll*(/^^2>?B 
..:wn/</u h y ^->r Kfle^^ft^iirSXfM*:-^^, h 
h v y ^-^ Kfj^^B^tcXBdS i B«^T 
//iffSix, Xtd^Xr/;r//</u h > 'J ^^f KflgiiXiE^- 
iflEffcJt-S t JtSE^3f!iE^«iS <!r <7) P N^'&ffi/j^Bf PS U T 

^ ^^fS«c <!r ^ 5«S*Xic y~ h Jfe^flft:^^ L T h 

n fj - o <c ^> ■< K \V ^ — J^^-t- S Xfe , '> /C < > 1) 
hsil^ltflcStRcoMO S h 7 >^'x $<d y — x/ Ki/^f 

<30?3i ^ b: ; - ^ & 5Ge ?i AJg ^r^RK-r 
S X® , < t t>XSdMO s h7>yx^y cojgh)c«fi«c 
±i:C oBS^W^co/S^icffiJS't'SXffi, ^-c^^T 
(c^^T^^^tf i\.hfdG oBKt.hffiy— h?&mR-(J 
.hSSy-x/ KM >-M^^^6^^[r.fi^r^-f--^f4i 
^ ^r^J^^-U-. Lld*«f*S«</>3jiS/j^jXtdG e 
^; A m (/) br ; — y fi B ;4; T* ^ ^ S ^ ^ ?» M m 1%.v ) 3R — go ^ 

L5l1«S -go =1 '^u h y -tM Kll^^m , ^5crtc7^ i t 

^Jl^f-?M±!d^-(/):.iyN/u |->y-M KBKiSr 

±^_f)n/^ i->yf>r KHfi:±fd^^s^ 

S i < t^#ifi>MC^L<(i»i^i(Si^_hE 
G e a-:A/gGO±g5br — ^/jSfifltt, ±fd^X^^/</u h 
•> 'J Y KIRiiXS^-f-^KtS^ hsti^*6«o1S«ti: o i J 

TEffi^r^fiEi-^X^., .hgciy- MS*co«iJffi(cffiJa^W 
/O^/c^^-Y K^^-v^^/jjcl^XS, J;Jd^«f*:fi 
t^cOMOS l^v^x^v-x/ KM' >%t&kti:Z> 
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-±mRL*±.m'f— \-t&m<o±m^G em&Bi&-rz>T. 

XiclMO S h v y x ^ cOffMfSftlc hi' C o JR&ttifttf) 
I? £ \ i f iS« --t- 5> Xfe , *i — co r£/$ T i ' *s ^ T 4- ft 

i/\ Jr.ffiC oMSirXKS i fl-^^/x^itXtciS i IK J; 
<Q«^ll«f^</)lR- -co=i'<yu l->y-y--Y KBS«r^fi!t-rsx 
&h LsQC o llft'co ^XSESS — co = '</u h v y U--Y Kfl£ 

r.coiftjgTlcJji SA^JSSrtrt ^ .LIE IS— co =* h > 
jr„£ft£U3Xf££&^ % XHEtS-.cor^/u i->y^ 

t <?> P Ntg^&Vj^fiPffi L "C v ^-6 r. i: £*3H» £ ¥M 

f^ftCOKlt^, 

[W*Jtt9] G c ?±A®ff£j#cOjt#>cOG e&AXflcO 

U-;-> ^ ^ ~ & I :f£ & f: t? zk& f» > S 5 , 

[dfpRJH 1 0 ] -GOiSJKil 3 5 0 - 5 5 0 X. 9gX 20 

cOiS/£;!n 7 0 0- 9 0 0 iC-e&>5 " ^ ^TOi '-j-Sgft* 
ig 5 - 8 to l ^r;ri/j--->;0£t$co^ 

[M*^ 1 1 ] m-co h *> y u--y K8«fic o s 

i ;£L< f±C 02 S i cot ^W^ — # % g= L < f:t|SiA7jS 

f:tc o s \-ifrhttz>~ t ^^mt'-r^m^n^ - s co 

i< ^i^iL/0--^^^c/)^^f^^Sco^3ff^^ o 
[000 J ] 

I#W(7)«i"^Kf^^>K-.] z</)%p^c±=^</u i->y-y--Y 30 
[0002] 

Affile) J&l^/— Nftffi^co^ i; x'J 3>«*j^^(±7 
^.^7 7 Xy'J-i>||/ d -i^|;y^t^ KffcLt6fit£ 40 

-/' u-trxr*.ir>6. 
[ 0 0 0 3] ilt'M, -tW-f KirJi^jW^JKHi: 

r^ffi^gRf^fflO/^iS-frJ^fc^Til, fi£«Hffitn:cOifi±, 
- MSifti ^ v — ^/ K u > tSM^FpTc/)^.^^]^^^ 
4-:, N«ffiwfflrrili(^ftff LTffM*n^*fiJ»l!*/j* 



[0004] jft^r-fi, -^^ >coft^*9 i' ^^<^ h^ffl 
^ ^> - 1 1 c j; n % - fb co ma ^ & -s ^> - 1 &m o 

cotu]di7)^£ < , fl£t^^(c*.f LTfitS^y - 

[0 0 0 5] ^(^, f^^^SISd^fo^^^ l-Srffl^/X 

^5 (a) (Cttc-^J; -9 (C % t-iWS^l 0 160^iCL 
OCOS (local oxidation of' silicon) & >f 1 .1 J; o 
-Cll 5 0 0 n mfS^^ag-^-^K^IIC 1 0 2 SrffM 

100keV, 1. E 1 4~1 E 1 6 cm' 2 B 

1E14-1 E1 6cm z (/)^ 

0 3 $r^J*i-£ {: 

[0006] ^ir., (b) iz^rX'Ui, xs<y? 

fl^l0-20nm^/^jJ;'){:Co (n/</Uh) 

[0007] [lo (c) i^-rxviz. m--</> 

3 5 0-5 0 0t'C'6 Ofifflr-- — /U^rf?') * i: 
!CJ:^K ?£t*Mycc/)^iS(c^--co=i^<>'U' h: > >J^Y Kljf 
lOSHMt^,, zc/>t£. Sg — co = /</H-> 'J i^-Y 
KB« 1 0 5 coMHtffiC o J9(i- 1 0 4 ^^co 2 fn^rC^^' 

J¥ir^^ m'-corr/x/u h -> y -y--Y kbsi os^hisc 

[0 0 0 8 ] ^(^, El 5 (d) i^^-rj;9i', |d d o, W 
/J^ifi't <t mtt1 k/K^TK <t £/) «r ffl ^ T *S1^</) C 

oiift-i 0 4 «rjg^^-ti-r*-i;-'r5„ -ecofg, is (e) ii 

>T<-)-,t ') (C, ^'Xco^/t, 7 0 0 — 9 0 0 °C'C 1 0-6 

0 5 ^^-^n/<yU h ^ y -th^ KII5 (C a S i 2) 10 

6 r^ft r</>»X(/.)=r^^u h ->y -y -y kbsi 0 

H C)JHJ/?(i K Coffil04 cOlRiii^ 3 . 5 CO HH/^ 

[0 0 0 9 ] g"(7)3 /Vu h -> y K88 106 £:Jfcfi£ 
L)t*&^, y'J ^v/j^^^S^-aSi^KtK I 0 1 i: zem 
-r.oO-T/^/U h v y +HY Kgft I06t oOW-®/jM^J— t ^ 

1 0 Go>-w»femz±ztef{%&&ft^'fcmt 

3\ ^F^^ 1 0 3 i: 1 O 1 icOP-Ni 

-&iSCns-e^"co=i/<yu ]->yih-r ki»i 0 6^it6 
[00 1 0 ] % '.(/) u ^/u h > y -y- ^ kj^ 1 0 b 4-B)iic 
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l tz m &izmw>tfi}i^ mw- ^ a # tc as # ^wsiisig m 
Hni ^f^fflicffli^v-y ^>s(sij:, do 
o) lainjx+fiSrfflt cos i 2 (i-> y =i >&ffico 

(10 0) fSIiCjt^ (111) mt<J)ft&=r-*^^~fr< 

tec > ^ > ( l l 1 ) iti tCoS \ ?t frftt-t 

3 # mi 1) - <£ tz V; X 3 h % x. t> T I ^ , 

[ooii] "t.om, vdm(oi£ffit Lx^m-'-v-s - i 8 

il\ (*7-5>»fe^_L) ic, * 10 

f S i G ef)g^iltRfft(C'<y-- U *(^, ^S'ic 

MO S (metal oxide semiconductor ) I- 7 > ^ ^ GO 
y-- K u < >^*.h&^y— htilCf \) ^4 K 

[0012] l^l , xfdco.t o t£)nk%m ^AiJS^ic 
x ^ x fx a£; £ it- -c & jr > y -y- Kf bi- & v> , m 5 

(e) -e^L/cW^<hfsjtS^ % iSJW:3^H-/H 

^■m-wmu t co p -Ni^i: j -eis Ltit»&iz y 

[ 0 0 1 3 ] 

r_ ri^ p - N&ft>^# L fzmftrt&& V — # 

i" &t\<*'> mm & mtk-i -^tz^Ac t£ & n tz t> o -c & , 
^s^:K</) -i h y -y hig^ffM-r & - <t 

I 0 0 1 4 ] 

hec o s i ymt^.t^m^m^m^^ ^ \ t</^ 
itiw] i:$v l < n m ^staicG e (y/u-^ ---y a) 40 

^F*64*l?*A : t s — y ^tl^G e riASs ±»5G e iiAl 
^T^^^Jt^^^^^ffi^^^^. JiS£CoS i2 
« i: JLpcl G e ft AW^fj^-*- 5 ffiii'i : ^?ft "C^b *) , ±tdC 
o S i ?«!i±K¥-ig{**«£±!^ 

[0015] srz, ^<f>mwiz.tz^mi*mm$. ^ 
¥mm. ±M^mm%w±iifw% zn,tzG em. ±seg 

ei±C^^ll/:CoS i2f^^, ±fec o S i 2 50 
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[0 0 16] ifjic, wC^Bflict^-t-WftKKCJ:. 4^ 

^^/^-ejfM^n/c y — ^/ k u^r htdy 1 — h 

S i 2 j«, ±S£C o S i zgi: JLI'E^-^^Sfe^^jc-^^ 
S i dr(/)^uncf^]i:^ : L<ilJ;fO ?fic^i(SUG e^fc^j 
«;A : t ;: — ^ ^'ft^G e ffiAJiSr^^MO S h7>yx 
_bldCoS i 2 )St±3LlG e ^AH^S^-r 

Sfid^it-c*^; , '>4< ttlfficos i 2IK1 hK 
[00 1 7] -^7t, c</)%P^I^J:^¥«f*3!eflt(±. ^« 

mzftLxmm$rLtz¥- hts, -hte^-v^^^^ 
s^t^v-^/ xanEiii^aJs^n/cG k 

3SG emtl^ffimtS fritz C o S i2SI^^tfMOS 
>C^'y ±sdC o S i 2 Bl <t JLfdG el^iiM- 

LT^JfrJ, JiSdCoS i 2fl*:(±_bfd#«f*S1S±:±Sdy 

[0 0 18] rco4g0^iZ.J:^^*f*^»^»iig-*tf:(t, 
^VffStfi - a£ ffi/j ^tj W\ JSi S i r /j ^ ( t X T ^^pS^ 

L-y^-Wi-^G e ?iASSr^ft£*f SXifl, Jr.iE-^«f* 

m y^^^xwmm^n^±Mc omt±m^m^mm 

t&fcfc&lt, ±fd^«^£tEco-»ifii/j>ib J13EG eiiA 

y -y KiirMi-sis, -htdc ^.htsm- 

co y< /n^> y ^ KS!I tc ^fb S -ti' S XfM c/> -e 
^> ^ , JiSSSgxo =3 x</u h -> y -y-^ K ag ^ xtd^^f^S 

Sltc.hfdG e ftAJgcoXfet -y/jHy.ftU hffi^~<7) 
;^</u h y KJ!K(i±E^itt{*:*tg<!: ±5d^^*3« 

[0 0 19] rco«W(cJ:^^2»f+aS«^Kit 
( :i . ^WffSffi ^) — x 3d /j ^ f j pjr fccvmts^/j^rx ^ 

m^m^j\m-t 5 is, htd^^«ii«/j^^ s titz 

*Mf5lg, 'Xc< i t JLI5G et«±'.z\mi£<?>m& 
t7)S i (^>y 3» flR£-««-r3X*£, .hffiS i SSXic 
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ses i wsj; f;y*t^L< (-mL^mm^m -co^^h 
■> y Kfl*£^/s-r & xjfi, iirdc o wsco ; ; 

-co=i/<yu Klfi«K/ffif£\ *Jxi£ 3*1, 

/;(.: o £i&^i"&x*s, SS:.:<7^jaffiT{cid^T?AtoisS: 

co-e& ^ , Jiaii*~co=>^u h v )j Kfl«^B$ir. h 

reis i m^xmnttzft , ±tdm .:i/)3^n->!)f>f io 

Kf]£f;i Lfd^gfag-tfi > l-.^'^M^nfiJ^ > eo P N^tlii 

/j > ^ 81 l r i ^ r. £ ft* > -J- s t> c > -? £ o 
[0 0 2 0 ] -cr.%Bfl^4:s^a|[ftKiE</5ttiSA- 

*SS^)MO S hv> >x 5? co y — KH' > / nM^^ 

Mcofirffii; ^/^^t5G e j*.A«2rffM"f£XfiL 20 
'i^< > i>±§dMOS \- = y>iSxi'(/mm.ffii&±AZC <> 
fle^-FJf^^))* £ (^«J#--i-<5 XfM, ^— GOifi/gTfl&^T 

/ K u- -T > figJgc > ^ ^ff|(^!r_fu faXftt > £r£[ 

t.tZ^t&&Ui#y&iiC\frv .hHEG c &AJicO t ; 

KfK£7F*bg^6Xftu .HHEc; oS^)') *>±Kd?g -co 
•> 'J -tf ■ >T Klie^/*ft , *-J£J&oo * * sn/;c 
o £r*^i-&XfSL m-.^>^/S:Tic^i ^cS^^n-^ 

'0 , XSd^Xco r.i wu h •> y -< HBIi ±K^ffrSl£ 
u'W^-^S i (11 i:^L< it J: 

XtdG c ^A®c/;±ij£i- — 9 ■/MiLW.L. ±E1^^=>^ 
h *> 'J ->i- Mft:{*iigd^*{*£ffi t JiBd^^^^c t 
o P N m ft rid /; * 6 gf MS LTi^; <b &* t*?K <t i~ £ i> eo -e 

[0 0 2 1 ] ' (/^Wi-^St-^^fltcOjjijg 

"Willi, teE-fS hi7)MO S h7>y7^(7)f-vt>^ 

OS h "7 > 7v ^co y— x/ K U-Y Vnl3is!c^ — ±tfi 

S£G eili:S i flgfrSfS^^Xfl, '>^C< i: t.hSEM 
OS h v>^'x^c/)^^fl« 1:(CG ofl5^rfi:S(/;J¥d5ic 
*BJS--r^>xfiL m-^^/J K{i*J^-rS*toaP.«r : fTV\ ± 
fiHC ofj&iXtdS i fj^^ "dr/^^^ii-±fES il«,t*5?S^ 



fk^-tarSX&.i'^trt^-CteO , .ksd£i~co=i '</u i-> 
h i> 0) V h 

[0 0 2 2 ] S/z, CI 0) (.; e ?i A/§ ftihH" 6l^.^a 

ii^^f*^K^®}it*"yi;^^^Ti±. G e »:A«ffM</; 
tcthcr>G ottAX#I<30StJ(z, ^f*Kffico^ii61(Cx+ LT 

[0 0 2 3 ] _bsdco.t 9^^«f*aSS^Wig^ 

&UJu^-C, f--^/|;ri:3 5 0-5 5 0 u C, SB — 

So 

[0 0 2 4] hsiZc/)i: -) /c^^te^gc/^i^^-^; 

s i fcoir-«r-S, ( 

[0 0 2 5] 

Sf**tgco^iB{-?fMi _ s m> y ^-f K/jn 

m«E^ ^ ± l^^xo ft ^m^mm.^m^^m^ o ^ -c 

[0 0 2 6] ISSll (a) fi^CO^^c/)^fecO^^ 1 11 X 

y :^/^^/i:^MM^, 2iiLO(;os / 7>IW.:i: 
4 C.t^*6iBg1iM«t 3 ^F^&^c; e A4rtr ~> Z t 

1 kv^&m[*w- : ftmk%tt£<ox\<^*> c 
[0027] p^ji ( a ) ic/f^ l timmnmtoBtiiij 

o^-cxSHK(^!ft0^i _ -6. i-f, Bil (b) (^T^-r^o 
il^-i»f*:»1Sl (C^LTlljR^J^g${k^tT^ (LOCO 
S gift:) , IIW 5 0 0 n mU&CV is 'J =* Vfi^tSS X» » G ^ 

£(i*A s k e V , 1 E 1 4 — 1 E 1 6 c m ? 
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l ^ft*ffiit/>s i Wiiifg^^^i^J: 0 

A3 ^ C o </>v V 1M Kfbfx/^HtiwC oS i z^U-ft 

(l^C i k e V, 1 K 1. 5— 1 E 1 7 c m" 2 CO 3M£-Cfe A 

rt-&~ fee; e iiA^4 £ffM-'t-6 0 - coupgi'jo^r 10 

•>'J-tf-Y KJgJ: ^Mj^'^fftai^ t — , /no-tco 

t r - ? (i*S^Wi'cjf^1c-t-^ ^ h *> 'J -^-r KJB 5 i: # 
3ff*Sffi 1 s i ^^WdS^BSIU % 3g L < l± 

[0030] |X] 1 (c) lC7r:-f£r>tZ. s HFzk?& 

-d-fT -) - 1 -c^Mwmm 1 <D$km<r> a «ss#fb^(z .1: o -c 

.^Sf KrtCVD (ctiemic:al vapor deposition) fi; 20 
!l J: o "C C o HI 6 & 5 - 1 5 n mCOJlgftL t ft & X ') \ZJ& 

[0 0 3 1 ] ^oofg. [Ill (d) (ZtjH\£ SB -co 

rfi/S, 3 5 0-5 5 0 r c/5?affi-e 6 0 #PflflS^J!ftft!fS 

*r^f i \ ^wmMmz&i ^a^sts i co*> y n > 

> C o m 6 i: * -ti\ (3S— ) ^ /n/u h 'J -y- ^ K 

v y -y-^r kb£ 5 a etc o s i itzttc 02 s \ an 

/j - - 2r , £r L < f :i iai] ?7 a * ^ ^ 5 m K t c J: o t « ^ £ * t , 

^B£f? ! i S £ i I mm ZixfzC o BI 6 CO JKff-CO 2 ftffiS 30 
ir^o-Cl^, Vfe/^ G e fr:AW<Ofc r — ^{ifcJE/j* 
- -) =r ^ </u |^ v- y -y--Y K 5 n t ^-aftf*:J£tS 1 (7> S i £ GO 
^tfc" J: ^ ^< 0 , G e frA--^*;^— <ir C o fllc/^ 

[0 0 3 2 ] *!C, 11 (e) \Zn<-t£*)\Z^ ±KcO^ 

ias , 700-900 r toia^r-fw X(fl()-60 #m 

[0033] m&&)izmh j £$tiz> ^^</u n *> y 
•9- >r kbi 5 etc o s i -nr. .t ^ Kf«iti-c*3 ^ , ^-</)f]il 

[0034] r_ - t\ g c a= ab 4 o^mtiM m & ) 
tt%m*)izB&-tz> (mr-.) ^/</u i-> y -y--r kikrco 



'J -9" -f KB* 5 liG e ?£ A® 4 (7) jfg ^ fM^ ^ & t fcf£$L 
ft7j^ig< /j? 0 , (i('£G c JiAil 4 C7)G e Jp?4fti6S(/) 
— ^ifff*. ^L< fit ; — ^/j^^G e ?iA«OJKSc0Pfl^ 

KISC5 >G e ?±AJi 4 frMffctStlti S i #cli(i^tli<b 

^ n , (fg - ) =i^/u n ^> y -9->r kb* 5 it^M at, 

"C 11 (a) iZTjk otitic e a=AJS4 It, il (b) 

^i-^t/refc^; , (S.-) i-> y ^-y kbs 5 

YfciTZ>U<ft = '^ h y KfbSJ^^G e ^F^t: — 
^cofiBi 19 fcgg< , G eiiAJl4 0TiSJ: ^ i^-^^. 
li:iT'SA/T*P6*§i:rt, ft»Wl:MSnac, e 
&AH 4 (i =3 ^</u h y Y VitELfcfrJk A,'C\ 

[ 0 0 3 5] J^±^XSir.J:oT¥-m^®^SrtSo (3S 

- ) --i / </u h y ii->r kji* 5 coff?hi^^rsE ^4^, n 

[ 0 0 3 6] ±ffico,t -5 y K^t^ir xii^j^ 

G e».A«4ii« — [HJS^>»i^MI^J:or?K/iS^^L 
^ (IB — ) ri /<yU hUV-V-'f \<m 5 a WJ#figfeffi<fc ^ b 

4 (± m- -) m/vu h *> y -y-'f kjbjs a ^-^^i-^^/.: 
?*o-c (ig— ) h >- y -^>r Kfl«5 a o^mm^mj) 
& t>co-e#>6 tl (Sr.) ^^/H-zyt-i' KI5 

[ 0 0 3 7 ] J^_h, ^Lfa^C, *c/^iRH(^^^(f. 

o s i 2 ) i: l ^> =3 > ^ ^Sf-iSj 

/jS¥rB-^fle«ri6m»'t4ft < Mf&-t z> z t /j^flg-e*? 9 . ^ 
y - ^ Ai~^ ^SrffliffeiJ L OFJrS 

^ ^<;u h > 'J -y- < Kg^Sr^^ r_ t //^Hti i: 
f/tot^i^iCn/^ h •> y -y-^ KBI^ffJ/*-^ 
5*^r*t*^P^ic J:tL(^— 4 v S*J¥</)=ixs:/i, h •> y ^> 

[0 0 3 8] Hi (a) iw^-r J: tr., GeffiA 

m4(/y\r:— 1\± ^ys/u|^>y^^ KM! 5^** 

f^ffi^l (^M^te;^®«3) ></)#iS>(/)IB&|p] -S : L 
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< ax *)m<iamL, -35-) :v</h-/^^hib 

tf), G e (i ~ cO^llf!^^ £ 9 l^¥agf*St&" 

G e ^^IF^in^., G e (i^<> K =¥ -v y'/V/S i {c 
Vt'<Xm^t:.tfK S i G c^iSiiS i (Ctt^G e 

o S i 2 Jfi £ S i t 'J T t^te< ft ^ > 

fitdM&St"-J"^ £ I* v > > x ? ^ K u-r >l&jft^t@ A LIE 10 

[0 0 3 9] ft 45, 1 hiCMO S K \l T (rue 

i.al oxide semiconductor field effect transistor) 

^Bt&^nxto'o % mo s f ET(/)y-x/ Ku-r >rI 
feKir.3/<;i, l->y-y->r K«rff$nSc-r^»^ir.}gj£-e# 6: 

1 ii¥-^if f r> D ^ h^Xfoh tz&W L 

ffiJx^SOI (silicon on insulator) Stfc&ffl 

[0 0 4 0] fitz, - </:>;£ JScoff2*& 1 i:jbH^cc±, ^«*G 
«? l /i/jv 4^mmm*$ 3 ar$Mm t t.tmoy&'&mcn ^ 

[0041] H*fe£/)^*fc2. zcomw<r>mM<n& 30 

® 2 coi ^xmjW'&r. .LW^miLomm 1 d&i^-c 

e £ ^*faK« 1 i*J ca-:At £ z t XWjSl L /j* . c fio 
H*St/.)^«g-C( t-iSf&Sfi* l cofeBLhi-G c 8£8 £8! 

12 (a) ;c^-rig n x-fh n % 1 T.tSi: 

[0042] zfci^, r #-y- y K-ypirx 4 o 

^-n-xAimm^mi^^ nft^^siir^^ 

ipt-Li^^ f-^«f^*fl«S2 SrPif^^»:j , mx_rX5 0 0 n 

[0 0 4 3] ^-(>o^\ 1*12 (b) ic^--rj; mx.it 
WM'W&G c H4 > U i'^/S 5 0 0- 6() 0 J C, Idb^J 
0. 1 - 1 T o r r </) T( ^CSftc V I) J; 
^) . ^iffi^ffilg 1 hir.jgt^Jlw(5 e m 8 1 0 - 1 5 n 



s ii^9 <rmf¥&mti(T)Mm 1 1 ( d ) go (is 

- -) =r /<yu \- is v Kjgg 5 a <7)MSJ? J: ^ ^ A ^ < , M 
1 (a) (/) (^_1) ^'<& b*m5<nmil£kii 

[0 0 4 4] ?fc(r., 1 i^^^T^ L/tlH 1 

(c) - (c) co^m^mm^iiw mm^m-ioy^ 
!*x</)&Mm&mx„rz&mx\ m 2 ( a ) (c^--t- J; ^ ^ 

B« 8<D±Jgtr=i/</u h y !J K8$ (CoSiz) 7 /j< 

[0 0 4 5] ' (n-p^O^^l tC^J^r, Gei8iil 
*E<7>fl2ffi l(/)Ge iiAl4 «bfM]*S^Bi# L, =i'<J\sb 

is y -y->r kbs7 ^^^^-/c^c/^a^®i# i^, h 

i IK 9 ^?HSfL, yy^KKL, 
Xffiti-rZ tS i!9 (/^"rtj^G e MS 8 , St^-t^iS^ 

iiG e)R8^^figffiia t -t *9 tf^v^illti^itiaSn, 

[ 0 0 4 6] -</)geJE(7)^i^ < tn*f, ¥^*StRi h 
i:Gel8, S i m9 $:mmirZ>tz#>, tWj(:r-i/<^ 

]->y^--Y km 7 ^Mh^L-tzm^^^^x 

*5t i co^isco s i </jrH*SrW«j-rs t &*imx&> n , 

[0 0 4 7 ] G eB^8 > L'Cf«CG e £*JtH^> 

ft^^iw, GeH^S i H4 t &WMWt-tZ>fki: V I) 
j*tw.t*9, GeS i^i'MLT{)»)M^S{) 

-e , e ^e't fbfif ^ co ^/^f^ih & fx 9 ^ > t ^'^j -c 6 . 

[0 0 4 8] HJffiZCO-JBflg 3 . - (/)§§Pj?cr;^JE^^ 

i"ISU3iWi-6 w ft^W^#6^^(lI^13 (a) (^^^'J: 
'J^MOS h7>y^^t'fc^ d](^^^r, ff?-l 0 

i i ommm^Hfg lxm&z-htz-*) -4 K^->j-— 1 
^n^GeaAig, isiiy- hiii l&t/y-x/ 

[0 0 4 9] ~ OJ: 9 lCff5/*$^fc-Y-«f*:=!S»t(-^^r 

r^</u i->y-y->r kb«c o s i 2BS-/jsfflt«B * ntztimt 

^otli , ^-oor^vu |. > y -y-^ \-mv~)f&&i±¥-ffi 
X\ v — x/ Ku^>-1Sia±co=iy<yw i-> y -y ->< KHii' 
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L < (i y - - x / K u-r > 'pU^ ^ j. /u±izBr& ^ltp 
.-.-.no .L-<y)tS:*(i^^</n->y-b--r Kfl«/^tg 

[oo5o] .t -) te*>m%im.0m&-h-& 

coi^Mt^, - r -cm-* r J ^-r Kisg(/)NMos 
i-t\ is (b) (c^i-j: ic, *mAk&*& \ v->m 

'^mm:. *t l r iStRttuz locos mt^Tr 9 z. t iz 

*fts$fbi- s ^ ^ l -c h mmm y. & s *> y ^ >watm 

1 0 a 5 - 1 0 n mfeM(»W- ZtttZ X 9 i^/iSci" 
[0 0 5 1 ] *;C0?£, 113 (d) (C7jW\.fc 9 tC, CVD 

/^IvK iixA 7 ^ y > ^'ri^ J;o-cfWx.if 2 0 0 — 5 

0 0 n m&fecnfl^-ir)* V •> 'J =j >fj^ 1 1 a ttfaffi'f 

foiz.^ 13 (e) iz^'tX^iz^ V— N*tt?>dr^£ 
L.-t 9 >i-£$fiSE±U s hf^/faco ^J-yi/jiO . 1 - 

0. 5 y m&j£</> V s x — U ItL^v 

^/tLT ;K U x 'J =i >HS 1 1 a £ ^ ;y ^ V ^ L 20 

T^fiE'^^-ii^y— b'£ftj? 1 1 

[0 0 5 2] '>/C< > t, v — ^/ KU^T 

£ /Kilt L. J: 9 > -I" & f£«c . o £ h '®fig 1 1 3r«A, 

fSmm- *f L , M >t f-W*Bfe As ( t *) £ r± A L 4^$ 

[ o 0 5 3 ] *-cr>'& s m 3(f) j-tjW-J; 9 lz s Y- h 

i&mi 1 ctmffift\zi&m%fr k^*— 3 

£ G(c^^> LTA s &7±Ai-& - <h "C 
fsi)»;4"^^{iHyc 1 4^JTM^-<3 ( , :wwa:i3Pti 30 

V — x/ K u >r > pIJSJc 1 5 frM&X £ s 0 
[ 0 0 5 4 ] /^j, - - -er±, — ffl £ l Tftfc^s^fe 
fifi^ 1 2 t^mjt'^^ymM i 4 ></>jf>^r££ 

£ L -C 1 ^ £ , ^&E4*ffi« 1 2%£*) m < ^hiti" 

[0 0 5 5] (g) SOiH-.t 9 >f?J-va= 

Ait JC.l; l 'J , G e iSr(5i]x.ii f «C+k e V, 1 E 1 5 - 1 \i 

1 7 c m-^ ^*^T7iAt6 Z >T\ y-x/ Kl/^ >- 
nStS 1 5 ^■0 ? y— N'tetti 1 1 ^-^tL^rti^JiiSi/j^jieEtW 40 

zv^rfivn^mzG e a:Ai» 1 6 &-jr-Mi-s, r.^o e 

?1l A Jg l 6 it ¥ — V refii l l j& t>' y — x / K u^fyfiM 

[0 0 5 6 ] ^ci-, I^J3 (h) IC^-t'J: 0 iC, X/N-y^ 
> >/Ti L < (iC VD^il.toTC oflll 7^5-1 5 
n m(/)lgl$h/j:/jJ: o\z^m^Wo^$M\^m^%, 

[0 0 5 7 ] -^(/)fg, Si 3 (i) (C^-t-J; v tw, tR--<7) 
?a)S, 3 5 0 - 5 5 0T</)iRJST'^iJx.(:f 6 0 fPf^MM so 



C oflft'l 7 ir^rfelSSii:, (?B ■■■) ^/<^|->y^YK 
US 1 8 a ZBht-l-Zr. ' c^) :.t /</U N ^> y >T Kflg 1 8 a 
(tC o S i ".tfcCtC o^Siia M^ltfc "0 , r. 
r.-cffM^n^^^vi- l-> y-th-r kw i 8 a <nmmi±* 

* t^ffiS £ C o HE 1 7 (/)KSLO 2 fg-mA ? <t ! 9 , 
-i-(/)^Rr&nc o S i£l< fiC oi S i , ^/i(±^.-nfj 

[0 0 5 8] E] 3 ( j ) iCTjrf* ± 9 ±sii^S 

oflft'l 7«r, ^'J >L f i'^c 1^ > ii^ f^<b 7K ^ 7K (/^ ^' /j - ^ 
S^p^^^^T. 5 0-1 0 0°C(/)U&'<Zt3\,^X : {m$£ 

[ 0 0 5 9] -tCOf^ ^~cOrU/t, 7 0 0 — 9 0 0 tcO 

yfi/S-C l 0-60 #ftie:S^Sft^Lii^ j£ l , 

\s << >m$Z t ±HIE*6 ^IlTiWCMt S =3 > * ^ h 
to^i* ( ^ o P T ( 1 - " -CtigftP.H «r WHS"*" 5 , 

[0060] rco t to^, mi&vymmiiz-te^x^Ltz 

zi ;<ju h >- y -y--f KBSS:^-*- y Kru -fc: x 4- 
htiZ> ="<'i> h v- y KB9 5 (CoSi?) 

■y--r Ki^#6:.i/j^n^4^ r . 
[oo6i] ^o-c, ?*i^^>.{z=i^</u h ^> y -y-^ k 

=is<ji, h is y -^4 vm&i\ih%^-z> z. t ?y<pjn£x ( h 

vai^fcS, MO S h ^>^x^c/)JF^Jc(l^^ 

9 *-et, ^cv\ 

[0 0 6 2 ] i/c, 13 (a) 9 m£c/)^ 

96 1 t tH]4f C h > y -9-^ Kgg 1 8 <t 

(i ejft&OO^&S i O e ^^/j^ff^/S^^S, G e IX'< 

> \-*?-x-yy : yys i iz.tt^Xm^^tzih, S i G e^^H 
its i (cht-<G effi;S:^A^< ^^(i <^#iiircco/<> K 

^r-v ^ -y mt<< ^ <o % ^oy^o o s \imts \ to-) 

^if ^ ^ ift i£ffc; t "Tffe t ^ £ <t ^ 9 a * ^> S r . 

[0 0 6 3 ] mm<F>MW i 4. 0C(C, UEiwMP^tJt^Bfl^ 

^sco^i2o^A/u i->y i^-r K/pt7^^p-cM 

OS F7> v-' x ^ %:%Zr8.-)- & fjfc & , Z.(D-Mr&(/)Mm 4 
lz.to\<*Xi1iW'1~Z<> ft^WCMt^MOS h^>C/x 
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(a) Cl^^C, 1 9 it y — 1 5&tK 
y— 1 1 ±iCfBiS £ HtzG e JST'fo ") , ZOO e 

a*" i 9 ±[z=i i-> y +^ k (cos i 2 ) mi s & 

[0 0 6 4] W\4 (a) (C^f f--i»f*-3il«c^Wjg 

LfcKit^r*^'f«o-r|«l3 (b) (e) £-cco&i 

5 S-Jf-JfiJc^"^, 10 
[0 0 6 5 ] ^60f£, L*I4 (b) l^^-rj;-;^, iSHJL 

fz V — x/ Ku Y 1 5 (/r-MMlkXJ<sf— hit® 1 1 

(fi^mi'^mtM'i^Cj eJS 1 9 £r 1 0-1 5nm(/)l?$t 
^ £ J: {zf&jfc-f 5- c go G e HI l 9 {isgfcti L *> 'J = 
>S« (¥-^{*2£t£ 1 ) StEXU^ Vi/V =*> {V— h 

5 0 0 — 6 0 0 °C s 1+^7 0 . 1 — 1 t o r r H G e 
H-rtftftS 0— 1 0 0 s c c m^^^TC^t^CMt 
Z>-kfr*mx*&>Z> r G ejft: 1 9<X)/7lc^:iM/S 

-4% Infill l ±^tJ«V- K >f^>Jc 1 5 00 

[0 0 6 6] [*]4 (c) {C7jk-t£olZ. s miRfo'iC 

G c US 1 9 ±{Z S-i 12 0 'SrflltJ* 1 0-3 0 n mfij£ t 

ft <5 J; o ( ifKJS-l - r_ co s i m 2 0 !l N 5 o 0 — 

6 0 0 -C. 0 . 1 — 1 t o r r , Si H< ffifl: 5 0 
— 1 0 0 s c c mc7)*tt : ril^^T^^i'^r. t/j5pInE 
T'ifo^o ^cO«-^{Z*3^-Ct, S i 0£ 2 0 cOfigfii&gfrt 

r «ii - Lti^ -/-- y > % ->';=i >^bffls/j * o ft s -y--r 30 

[ 0 0 6 7] -£tO?i\ [*14 (d) i'^-t J; 9 , CVD 

U5- J 5 n mfcUS </>J¥ SClC o MS 1 7 ^fKISI"^ * 
(-1, 14 (e) iC^i-J; 9 ir., 3 5G-5 0 0t«g 
T:c*3^-C 1 ^rWSiS:^J»^SiSrtft\ C o 116*1 7tS 
i B£ 2 0 > &Jxf£$-ti\ C o S i #L < (iCozS i , 

»85 2±.J-««^n-A:C oil 7 (^o^T^Zco^fi 

ami it ixmzziz^ 

[0 0 6 8] Scjr., 1^1 4 ( f ) ic^i-J: [z. N ^/x/^o 7 ) 

4^)^ia^jiji^c, o o - 1 o ov(/)i&m^ti^xmm 

[0 0 6 9] ^GOf£\ ?Br<7)raS, 7 0 0-9 0 0tC) 
iS/tT* 1 0-60 fmW.&<0&&m&1fo1' Z t X\ rj 
/U h •> ] J ■V-J l^M 1 8 a t l r Ji ! ZitL^-r & *JxJS"(75 so 



S i fflgl 9 tSrJFxASS-^Swt'C, d4 (a) !C^L 
, ffl/ijt/p CoS i 2 'Ch Z> h -> ] J^-^ Kil 1 8 

M«c t >.« ic JfM $ n 5 fid«J t ^'€^6^ tzmtctZ>^> 
9 '/ h(DMr&{z^^xrtz zxttm$£#m-rz, 

[0 0 7 0] iiO'ecO J; 9 <£T.eSrS^> ^ <ir "C\ HJSS^jfJ 
fig 2 (3^t^Lfc3/<^ i->y^-Y Klfl^rMOS h 

MOS ^^7^9 (f^m^h'^X Z.(Dmmcr)zn^/u 

"C*5 £ C (IS" 9 * "C *> ^ l \ 

[ 0 0 7 1 ] Z.<DmmcoB1&{Z5o\,^X , Gell 9(-t, 
m^t$mMv>WZM l<7)Ge SAi 4 i: fH]*HoO{#J# L, 

^>y^--f KSJS^S i 8S9^J@E®COG elR8. ^^^-cO 

[ 0 0 7 2] HJfi^iiSic^^r^L^.J: v 

i Ge^&JgfiS i tCj:t-<G eftit'/J^^ < t* R 

^ixc/^<> K^r-v yyy^f<< <C ^ , -^COjSSrC o S i * 
g t S i <t cO/< y T t < & *y =i > ^ ? N Sfit/j^/J* '>--f 

[0073] tsbiz.^ z.(/mm^Bm^zxti(L 
mm i _LicG enei 9 , s i 952 o^fsn-r^/c^, m 

■c t>, ^^f^s* i vimwi^s i com*$:V[\m'tz> ^ t 
[0074] tits. 'Mifc(»ffin2 iz^^x^L ■tzmst 

mmz s C£O'*«g0O^Sg4{C*3^T^G egfSl 9 t L X 
m$t£G e frm^&iU^) iZ^ G e Ha t S i H< ^rL«S 
Pl^t^iCVD/ii;.]:^ GeS i ^^^rJ^fig LT 

[ 0 0 7 5] 

nil icosi?) t¥'#fo&mko>Rwfr¥ffit£m&m 
^^z\t^mt^^>, &tz, =i/</u h *> y ^-r hi^^r 

coif ifiicG c«^)ic#iS iGe^ 
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[ 0 0 7 6 ] £/r_, ~o:>i%wiz.£tU$s .ttztmffi<n%} 

m&Wif&^ZtztfK ^«f*S« 1 </> 3e Si cos i cOyH#Sr 

[ 0 0 7 7 ] :^)i^l:,];n(l GefctAIKli 

=i / </u h y -y- ^ Km > ^ffcA-tti ( y ~ * / K ^-f > 

mm t</)Wmtm •ztcnm^GLBt'tCt --'; &<kL s 

h*m h<r>Rm?.G c //^tfri-^fcy^ G e 
ift/£co*:§#S i G e ^:&//^£*tl3o G e(i/<> K 10 
^t7^S i iCJt^XSfc^itab, S i G e^-#ii(iS 

i ClJt^G eifti*^*-^ < U £'^-&-C K=¥-v 
*y//jq*< /c^ , ^cojSSC o s i zJB<!r S i >oo/< y 
T hi& < ^ rj > >/ y h ffitfi/j*«'>-f3 t^o t> 

[ 0 0 7 8] Z(/:>ftWlz.£n(t, ±K£ IrI 

oo ft &• ffli M i'Zr.t °im t & z> % go a * ti * z „ 
[ 0 0 7 9] .1 (/)?gn^c/:)^?#{*KE(/)Sai£^i^ 
r±\ S^^ji-^^ii^ h >- y khi (c o s i 

m&m®H±R < jb/sm-s 1 1 -/>* *ii&x$> ^ , 

[0 0 8 0] ~ ^^P^co$sar*-?4-{- J:tLi:t\ 

/<yu h y ^-f KWS^r^/jfi; Ltz*&ft\zt3\,*X t , 

[0 0 8 I] Zc/)^f3/jc/)Kii-^^(iJ:n^\ G 

c ii; A® ( t * '< ^ h > y >T KS5 1 ¥-m*&\£ ( y — x 40 

2> /:. V) , Cx c jR/S: ^ A^cSiGe S tt ^ 0 

G ef.t/<> K^r'-V -y7//S i ilit^TK^^^, S i G 

o)^> ]<' -Y ^ -y;/«< , ^c/.)j**c o s i ^Ja> 
s i f h </>✓< y r ^ te< 4* n -i>$$ b#m^m'Mi-z> t 



[ 0 0 8 2 ] r.£0«w</5tRfi£^-iife^J:^(^ ^* 

> /j'^ "Tfit i C Z t ^ o xb* ^> , 
[0 0 8 3 ] rc/)%0^o«li£->7-?j:-UJ:ti^\ ^ 

«f£X«cofeifc-(/>^ y Z7 >^r^^ L, ^ y— ^>^'^^t 

L, WafifeG e (7)aAiw t J: ^ Ka?^^*/^ S i fornix 

[0 0 8 4 ] C(/)^^<7)^it^^d,J:tU+\ 

0 — 5 5 0°C N Wi — <?>i&Jklt 7 0 0-9 0 0°CcO*a[l{l 

[0 0 8 5] Csh^. ^(nftWcnftmum^Xticis « 
-<7)=i/<yu h ^> y -^-r Kfl^i tc; os igKdCo^s 

1 r/u^r «L < (iW*/j>Sil^Sn/-^H7j^ J 
^ v ) , ?g-c/;=j/</U h v y ^-Y KflliiC o S i 2 /j^^^ 

m it «r ^ -ria x* ^ ^ 0 

m 3 ] - ^^gP^(/)*Micoff$flg 3 (- 4 t -5 ^m.i*mm.7k 

rj€^- en mm *■ * - H X S , 

3 . ^^t^f^M 

4 , 16. G e 3= AJg 

5 % 5a, 7 , 18, 18a. =i ^</U h y -^ -f KBft" 

6 , 17. C o 8g 

8 , 19. Geg 

9 , 2 0. Si| 

i o. hmitm 
i i . 

i 2. ia*js^M^ifs«c 
13. ^-r k->^-^ 
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